SPECIFICATION 
TITLE 

"METHOD AND ARRANGEMENT FOR CONTROLLING A DYNAMIC SCALE" 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention Is directed to a method and arrangement for controlling 
a dynamic scale which allow fast mixed mail processing in a franking system. The 
method is suitable for users of mail processing systems with a dynamic scale and 
postage-calculating postage meter machine, or with dynamic postage calculating scales 
and franking devices. 
Description of the Prior Art 

United States Patent No. 4,956,782, British Specification 22 35 656 and 
European Application 514 107 disclose semi-dynamic weighing. Transport is 
interrupted, particularly given large postal matterthat is difficult to weigh. The transport 
speed is reduced dependent on the dimensions of the letter. 

For fast mail processing in a postage meter machine. United States Patent No. 
4,935,078 (corresponding to European Applications 61 5 21 2 and European Application 
61 5 21 3) discloses a time control according to an operating mode selected for the user 
stations by the user. The user station arranged upstream can be a scale and the user 
station arranged downstream is the postage meter machine. A letter length is 
determined with sensors and the control of the user station arranged upstream and is 
transmitted to the postage meter machine. The latter controls the preceding, dynamic 
scale, so that the letter transport speed is reduced dependent on the letter length. A 
disadvantage is the reduced throughput for all long letters. Such scales require a 



modification of the control of tine postage meter machine. There is the risk of letter jams 
given a high item input. 

Known scales of the GFI Company are dynamic scales that require a reject 
compartment for incorrectly weighed letters. These incorrectly weighed letters are 
transported but are not franked. Incorrect weighing can occur because of an unstable 
environment and the fact the center of gravity of the letter, particularly given long letter 
formats, arrives too late on the scale, so that the weighing time is too short. These 
letters must then be separately weighed with a suitable, static scale. The 
corresponding postage must then be manually inserted into the franking unit. The 
automatic executive sequence is thus interrupted. Especially disadvantageous is the 
fact that the mail shipper cannot predict whether a specific letter that is placed together 
with the others as a stack will exceed these weight limits. 

Given mixed mail, the probability is higher that the scale an incorrect weighing 
will occur. The throughput given mixed mail is reduced because either the speed is 
reduced or incorrectly weighed letters are rejected. Controllable motors and a 
complicated controller are required in order to be able to reduce the speed. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an arrangement and a method 
for controlling a dynamic scale that overcome the aforementioned advantages of known 
devices. The dynamic scale should guarantee a high measuring precision over a broad 
weight measuring range even given high transport speed. The inventively controlled 
scale should be able to process mixed mail quickly on average given a simple control. 



The above object is achieved in accordance with the principles of the present 
invention in a method and apparatus for controlling a dynamic scale for processing 
mixed postal matter having different sizes and thicknesses, wherein the scale is 
operated in a dynamic operating mode wherein, before a measuring time span, a piece 
of mail is supplied by a conveyor with a conveying speed at a predetermined, regulated 
value which is independent of the formal (size, thickness, etc.) of the piece of mail as 
the piece of mail enters into the scale, and wherein regulation of the conveying speed 
is deactivated while dynamic weighing takes place within the measuring time span, 
resulting in a weight measurement, and wherein regulation of the conveying speed is 
re-activated the piece of mail moves through a discharge region of the scale. 

As experience has taught, the weighing precision is dependent on the oscillatory 
behavior of the scale, the pre-load, the mass moment of inertia, the stiffness and 
damping having the greatest influence. It has now been found that a defined reduction 
of the motor speed dependent on the weight of the piece of mail improves the 
measured results, even when no control of the reduction of the transport speed ensues. 
The structural length of the adaptor from the scale to the postage meter machine is 
advantageously minimized. It has also been found that the speed need not be 
diminished for every long letter for achieving a high item output as an aggregate; rather, 
it is sufficient when only the incorrectly weighed letters are weighed again. Given the 
pre-condition of a weighing pan having an adequate size for measuring, a control of the 
transport speed dependent on the format of the piece of mail can be omitted given 
mixed mail processing. 
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Inventively, the piece of mail is transported by the transport arrangement 
dependent on the weight in a dynamic operating mode without the motor speed being 
kept constant. The transport device has a tensioning mechanism for the conveyor belt 
that allows a setting of the slip between the drive and conveyor belt. A motor 
connected to the controller reduces its speed dependent on the weight of the piece of 
mail transported on the conveyor belt. The structure of the scale having a weighing pan 
and conveyor device allows a damped oscillatory behavior, particularly given a 
reduction of the motor speed, which improves the measured results given individual, 
heavy pieces of mail. 

In dynamic scales, the heavy pieces of mail are automatically transported more 
slowly, thereby lengthening the available measuring time. The evaluation of the 
measurements ensues in the controller of the scale and requires a calculating time and 
a reaction time. The leading edge of the piece of mail leaves the weighing pan after the 
expiration of the measuring time. When, following the expiration of the measuring time, 
an algorithm for error recognition detects an error, the scale is automatically switched 
into a re-weighing mode by the controller. The largest format to be processed is taken 
into consideration for the selected dimensions of the weighing pan. The selected 
transport speed of the belt in the scale corresponds to the transport speed of the belt 
in the postage meter machine; however, the spacings from letter to letter that are set 
reduce the item output of the scale to approximately two-thirds of the maximum item 
output of the postage meter machine. It has been found that a re-measuring of the 
weight of pieces of mail is required only seldomly under these conditions. 



DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of an inventive dynamic scale from the front right. 
Figure 2a is a schematic diagram of the conveyor arrangement in the inventive 
dynamic scale. 

Figure 2e is a side view of the tensioning device in the inventive dynamic scale. 
A 

Figure 3a is a perspective view of the conveyor arrangement from the right front 
with tensioning device, which is shown enlarged in Figure 3b. 

Figure 4 is a block circuit diagram of the controller of the inventive dynamic 

scale. 

Figure 5 illustrates letter positions in the letter stream relative to the weighing pan 
given dynamic weighing in the inventive dynamic scale. 

Figure 6 illustrates letter positions in the letter stream relative to the weighing pan 
when switching to the re-weighing mode in the inventive dynamic scale. 

Figure 7 illustrates the mixed mail item output dependent on the number of 
heavy pieces of mail in the inventive dynamic scale. 

Figures 8a, 8b illustrate of the item output dependent on the weight of heavy 
pieces of mail in the inventive dynamic scale. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows a perspective view of a dynamic scale 10 that is fashioned for 
the transport of letters or, respectively, pieces of mail A standing on edge. The mail 
pieces A lie against a weighing pan 6 that is arranged in a recess 1 1 in a back guide 
wall 1 of the scale 1 0. Sensors 81 and 82 are arranged in the back guide wall 1 at both 
sides of the recess 1 1 for the weighing pan 6. A conveyor arrangement 4 with a 



conveyor belt that is deflected under the sensors S1 and S2 lies at the level of the lower 
guide wall 3 of the scale 10. The back guide wall 1 is inclined slightly toward the back 
of the scale 10, preferably by 18° beyond the perpendicular. This corresponds to an 
optimization angle already identified for an automatic letter feed and a postage meter 
machine (German PS 1 96 05 01 4 and German PS 1 96 05 01 5). The lower guide wall 
3 is arranged orthogonally relative to the back of this scale 10 and, accordingly, also 
relative to the front cover plate 2. A defined letter attitude and a smooth adaptation to 
the preceding and following devices are thus achieved. The front cover plate 2 is 
composed, for example, of plexiglass. All of the assemblies or parts are secured on a 
chassis 5 via corresponding intermediate members. The weighing pan 6 has a back 
wall for guiding the pieces of mail A and the conveyor belt of the conveyor arrangement 
forms the bottom of the weighing pan 6. The weighing pan 6 is coupled to a weighing 
cell 7 at the approximate location of the center of gravity of the combination of the 
weighing pan 6 and a piece of mail A arranged on the weighing dish 6 having the 
highest allowed weight and the greatest allowed dimensions. The weighing pan 6 is 
implemented with a lightweight structure and is torsionally and flexurally stiff. The back 
wall of the weighing pan 6 is a one piece sandwich structure and has a central force 
transfer element with which the back wall is secured to a free end of the weighing cell 
7. Further details regarding the structural format of the scale can be derived from 
German Patent Application P 198 33 767.1-53. 

As shown in Figure 2a, the front end 31 of the lower guide wall 3, which is in the 
admission region of the scale 10 is fashioned so that the piece of mail A stands 
approximately on edge on a conveyor belt 41 . The upper side of the front end 31 of the 
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lower guide wall 3 is preferably at the same level as the upper side of the conveyor belt 
41 . A back end 32, having the width of the conveyor belt 41 . is arranged at the lower 
guide wall 3. This has a shorter length than the width of the conveyor belt 41 in order 
to nnininnize the conveying path to the postage meter machine (not shown) disposed 
following the scale 10. The back end 32 of the lower guide wall 3, fashioned as an 
adaptor to the postage meter machine, forms the output region of the scale so that the 
piece of mail A initially stands free while leaving the conveyor belt 41 . The upper side 
of the back end 32 of the lower guide wall 3 is arranged below the level of the upper 
side of the conveyor belt 41 for this purpose. The back end 32 has the width of the 
conveyor belt 41 and. differing therefrom, is short in length in order to be able to 
transfer the letter over to the postage meter machine very quickly during a reaction time 
span T3 (described below). 

The conveyor belt 41 is dimensioned with a width such that a piece of mail A 
having the largest allowed thickness, for example 20 mm, has enough space so that, 
when seated against the back wall of the weighing pan 6, it does not touch the front 
cover plate 2 of the scale. Falsifications of the measured result due to friction are thus 
avoided. 

The conveyor arrangement 4 has front and back deflection rollers 42, 43 for the 
conveyor belt 41 and a drive roller 485 plus a tensioning roller 488. The conveyor belt 
41 is non-elastically so that it does not stretch longitudinally. The drive roller 485 that 
drives the conveyor belt 41 is a sand-blasted aluminum pinion, that the conveyor belt 
41 is composed of a low-stretch fabric having a glide coating of plastic, this coating 
facing against the aluminum pinion with a defined slippage due to the belt tension. In 



order to operate with only two deflection rollers 42, 43, and to be able to set the 
conveyor belt tension in a gentle way while still assuring a continuous and smooth flow 
of pieces of mail A, supports 46, 47 are also provided under the upper belt region 
carrying the letter load. The conveyor belt 41 slides along on a supporting plate 46 
given a larger load, the surface thereof being smooth. The surface of the conveyor belt 
41 facing toward the piece of mail A is preferably coated with a polyurethane foam 
adhesion layer. 

Figure 2b shows a side view of a tensioning arrangement 48 for tensioning the 
conveyor belt 41. This includes the tensioning roller 488, which is seated on a 
tensioning shaft 487 whose ends are drilled to receive respective guide pin 481 (only 
one of which can be seen in the side view of Figure 2b). A covered helical spring is 
slipped onto each guide pin and a nut 483 is screwed thereon. The supporting plate 

46 for the conveyor belt 41 is secured to respective carrying plates 47 (one of which 
can be seen) at both sides. A stop plate 48 is secured on each carrying plate 47 and 
is arranged between the nut 483 and the tensioning shaft 487. 

A scale 10 with the housing removed is shown in Figure 3a, which reveals a 
perspective view of the conveyor arrangement 4 from the front right with the tensioning 
device 48. The tensioning roller 488 of the tensioning device 48 has its shaft 487 
adjusted to such an extent opposite the belt transport direction and is biased by a 
spring 482 such that the conveyor belt 41 is stretched taut with a defined force in a 
predetermined way. A slippage is thereby pre-set for heavy letters. The carrying plates 

47 and the supporting plate 46 can be fabricated of, for example, aluminum or some 



other lightweight but strong material and are secured to the weighing pan 6 so that a 
relatively rigid structure arises, this exhibiting a high characteristic frequency. 

The tensioning device 48 is shown enlarged in Figure 3b. A helical spring 482 
is placed onto each guide pin 481 and is pre-stressed with a compressive force that is 
transmitted to the tensioning roller 488. Each of the two helical springs 482 lies against 
a nut 483 at one end and against the stop plate 486 at the other end. A bore (not 
shown) of the tensioning shaft 487 is fashioned such that the guide pins 481 each has 
an interlocking part 481 1 seated to prevent rotation. A securing ring 489 at the end of 
the guide pin 481 prevents the guide pin 481 from sliding out of the bore of the 
tensioning shaft 487. The carrying plates 487 have oblong holes 471 at the height of 
the tensioning roller 488. When the conveyor belt 41 is pre-stressed with the tensioning 
roller 488, the tensioning shaft 487 thereof slides in an oblong hole 471 of the carrying 
plate 47 at both sides. 

In an alternative embodiment of the tensioning device 48 (not shown), the belt 
tension is exerted by other, suitable elastic tensioning means. Such tensioning means 
are, for example, known tension springs or torsion springs. 

Figure 4 shows a block circuit diagram of the controller 20 of a dynamic scale 20 
that has a microprocessor 21 that is connected to a program memory 22, to a non- 
volatile memory 23 as well as to an input interface 24 and an output interface 25. The 
microprocessor 21 is operationally connected to a motor 49 of the conveyor 
arrangement 4 of the scale via a driver 26, as well as to a speed sensor 50 and to 
sensors S1. S2 as well as to the weighing cell 7 in order to receive speed signals, 
sensor signals and weight data, from which control instructions are generated and 



forwarded to the conveyor arrangement 4. The conveyor arrangement 4 preferably 
includes a DC motor 49 that is supplied with DC pulses, whereby a specific speed is set 
on the basis of the ratio of pulse length to pulse pause. The M42 x 15 Gefeg- 
Antriebstechnik motor is suitable as such a DC motor 49, and an encoder 50 that is 
mechanically coupled to the motor 49is suitable as the speed sensor 50. 

In the operating mode for the dynamic operation of the scale 10, the conveyor 
arrangement 4 implements a forward motion of the piece of mail A within the scale 1 0 
upstream location with a constant speed for lightweight letters. This speed does not 
exceed the transport speed in the preceding processing station. The motor 49 of the 
conveyor arrangement 4, given deactivated speed regulation, exhibits a resiliency in 
conjunction with the other components of the conveyor arrangement 4 at the weighing 
pan 6 shown in Figure 3 that damps impacts and vibrations given heavy pieces of mail. 

By utilizing a driver 26 that is switchable in terms of the polarity of the output 
pulses, connected between DC motor 49 and the controller 20, the conveyor 
arrangement 4 of the scale 10 has a switchable drive, allowing the conveying direction 
of the scale 10 - given corresponding control - to be reversed in a second operating 
mode by reversing the poles of the pulsed voltage applied to the motor 49. The motor 
49 is connected to the drive roller 485 via a suitable transmission 44. The transmission 
44 can be a gear wheels or a belt. 

In another embodiment the conveyor arrangement 4 of the scale 10 has a 
switchable drive operated directly by the control 20. the conveying direction of the scale 
being able to be reversed as a result thereof to allow a re-measurement in the second 
operating mode. 
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In an alternative embodiment, the conveyor arrangement 4 of the scale 10 has 
a switchable transmission, and the conveying direction of the scale 10 can be reversed 
in the second operating mode by switching the transmission dependent on the 
operating voltage applied to the motor. 

The weighing cell 7 has wire strain gauges connected to an evaluation circuit 
that emits digital weight data to the microprocessor 21 . The upstream sensor SI serves 
as an entry sensor and the downstream sensor S2 serves as a discharge (exit) sensor. 
A known evaluation circuit is connected to the sensors SI and S2, which emits digital 
signals to the microprocessor 21. For example, the sensors SI and S2 can be 
fashioned as light barriers. The weighing cell 7 is preferably of the type HBM PW 26 
of Hottinger Baldwin Messtechnik. 

The dynamic scale can be operated in at least two automatically selectable 
operating modes, the selection of the operating modes ensuing within the dynamic 
scale 10 itself. 

Given fast dynamic weighing and franking, there is a risk that over-franking will 
be carried out in boundary situations (postage limits) given high letter weights. It has 
been found, however, that high letter weights occur only seldomly in a mixed stack of 
letters. The advantage of the second, user-selectable operating mode is that fewer 
operating time losses occur due to fewer stops (Figure 5). The scale can automatically 
switch into a re-weighing mode from the second operating mode (Figure 6). 

The scale is switchable from a dynamic mode to a semi-dynamic operating 
mode. To that end, polarity of the pulses to the motor 49 of the conveyor arrangement 
4 is reversed. Alternatively, a transmission can be switched when the scale 10 has 
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determined an invalid measuring result. A reverse motion of the incorrectly measured 
letter is thus achieved within the scale. During the subsequent weighing, the scale 1 0 
stops the conveyor belt 41 until the scale 1 0 has determined a correct measured result. 
The scale 1 0 thus subsequently operates in the static or semi-dynamic operating mode 
only for letters or other pieces of mail which have in fact been incorrectly weighed. 

Figure 5 shows an illustration of item positions in the stream of pieces of mall A 
relative to the weighing pan 6 given dynamic weighing. The explanation of the 
functioning of the controller 20 ensues on the basis of Figure 5 and the following table: 
Position: Action of the control 

POS1 : no action (mail piece A precedes the entry light barrier) 

POS2: start measuring time interval, deactivate motor regulation 

POS3: measuring phase (mail piece A lies completely on the weighing pan 6) 

POS4: stop measuring time interval, determine and evaluate weight 

POS5: signal readiness (mail piece A has left the weighing pan 6) 

A mail piece A enters into the entry light barrier and activates the sensor S1. 
The sensors S1 and S2 lie outside the weighing region respectively and downstream 
next to the weighing pan 6. As a result of this design, the weighing pan 6 can be 
shortened by 6 through 10% in length. In particular, this enhances the item output 
given dynamic weighing of lightweight pieces of mail. The speed regulation for the 
motor 49 is still activated in the position POS1. The position POS2 illustrates the 
position of a mail piece A at the start of the measurement. A first measuring time span 
T1 begins with the weighing given deactivated motor speed regulation by components 
21 , 26, 29, 50. The trailing of the mail piece A edge in the admission region leaves the 
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region of the sensor S1. The position POS3 illustrates the mail piece position in the 
measuring phase. Neither of the sensors S1 . S2 is activated. 

The position POS4 illustrates the position of a mail piece at the end of the 
measurement. The leading edge in the discharge region reaches the area of the 
sensor S2. The measuring time interval is ended given activation thereof. A second 
calculating time span 12 follows, wherein - in addition to evaluating the measurement - 
a check is also made to determine whether the weight of the piece of mail was correctly 
identified, so that the weight data can be forwarded downstream to the postage meter 
machine in a third reaction time span T3. The piece of mail A leaves the scale 1 0 in the 
position POS5. During the reaction time span T3 the center of gravity of the mail piece 
A is usually still within the weighing pan 6. If necessary, however, the letter can be 
conveyed back onto the weighing pan 6 by the switchable conveyor arrangement 4. 
The speed regulation for the motor 49 is re-activated outside the measuring time span 
T1. 

Figure 6 shows an illustration of mail piece positions in the item stream relative 
to the weighing pan 6 when switching to the re-weighing mode. The reaction time span 
T3 is long enough to allow switching into the re-weighing mode, including a braking time 
and safety margin time. The mail piece is conveyed upstream (time span T4) back into 
the position POS3, is then statically weighed in the position POS 3, and is then again 
conveyed via the position POS4 into the position POS5. 

Figure 7 shows a schematic illustration of the mixed mail item output dependent 
on the number of heavy pieces of mail in a stack of mail. Given heavy pieces of mail, 
the item output given dynamic operation of the scale 10 decreases due to the 
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conveying speed that is reduced from the normal speed. Given a larger number of 
heavy pieces of mail in the stack of mixed mail, this reduction has a correspondingly 
greater effect. Nonetheless, the item output given mixed mail is higher compared to 
prior art devices because large items continue to be conveyed fast unless and until a 
false weight measurement is detected. This gain during dynamic weighing results from 
the shortening of the weighing pan 6. Given a stack without heavy pieces of mail, thus, 
the overall mixed mail item output already lies 6 through 10% higher. 

Figures 8a and 8b illustrate of the item output dependent on the weight of heavy 
pieces of mail. The customer can select between a number of user-selectable 
operating modes: 

1 . Weighing only once or not weighing and franking, leads to a item output up to 
100% of that of a postage meter machine (not shown). 

2. Slow and semi-dynamic weighing and franking, leads to a reduction of the item 
output up to 33% of that of a postage meter machine (prior art) or up to 
approximately 25% according to the invention (shown at the right in the 
diagram). 

3 Dynamic weighing and franking, leads to an item output in the invention of up to 
approximately 66% of the item output of a postage meter machine, whereby the 
scale can switch to semi-dynamic weighing. 

In the weight range up to 500g, the item output advantageously lies higher than 
was hitherto capable of being achieved by prior art devices. The item output of a 
postage meter machine (100%), however, was not achieved because the spacings 
between items must be larger than when printing, since only one item is allowed to be 
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located on the weighing dish pan 6 during weighing. Given an increase of the 
conveying speed when franking fronn approximately 68 cnn/s to 100 cm/s, the itenn 
output rises only marginally because the weighing precision and the conveying speed 
practically possible during weighing behave inversely proportional relative to one 
another. 

Figure 8b shows the item output dependent on the weight of heavy pieces of 
mail. It has been found that the item output of a dynamic scale lies at approximately 
66% (maximally 70%) of the item output of a postage meter machine, and that the item 
output of a semi-dynamic scale lies at approximately 20% through 25% of the item 
output of a postage meter machine. Dynamic measuring dominates in the weight 
range up to 500g and the static measurement dominates in the weight range above 
750g, dominating the resulting item output, which proceeds from Figure 8b. Given 
disturbances, the evaluation algorithm can already switch earlier to static weighing. On 
average, however, the rising curve that is shown occurs for switching to static weighing 
in the weight range from 500g through 800g. The required return transport for static 
weighing after stopping consumes a certain return transport time span T4. Differing 
from the scales operating statically or semi-dynamically that are known in the prior art, 
the resulting item output therefore turns out lower. 

Given mixed mail processing, the clock output in the range up to 500g decreases 
at the dynamic scale 1 0 dependent on the number of heavy pieces of mail, decreasing 
to approximately 40% of the item output of a postage meter machine (Figure 7). When 
the number of large-format and heavy pieces of mail in the stack of mail is higher, the 
resulting item output approaches the item output given semi-dynamic operation, since 
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the controller 20 initiates a re-measurement more frequently. The control of the 
dynamic scale 10, dependent on the evaluation of the weight measurement in the first 
operating mode, enables the transport of the piece of mail to the further processing 
station downstream or undertakes a switching into a second operating mode. 

Inventively, the evaluation of the weighing results in the second operating mode 
proceeds with the goal of working exactly and speed-optimally at the same time, with 
the steps of determining that the weighed value could be imprecise within certain limits, 
conducting a plausibility check, emitting a plausible weight value to the postage meter 
machine or automatic switching into the semi-dynamic mode of the scale. 

The scale 10 can be pre-set so that if the evaluation of the weight measurement 
in the first operating mode indicates that the measurement was probably imprecise, the 
control of the dynamic scale 10 undertakes switching into a further operating mode that 
initiates the transport of the piece of mail to the further processing station downstream 
with a plausible weight value being set instead of the actual weight value, the plausible 
weight value being higher than the actual (imprecise) weight value. A printing of 
postage that corresponds to the plausible weight value ensues with the postage meter 
machine, this being higher by an amount or factor than the identified, probably 
imprecise value. This switching only occurs when the actual weight value lies in the 
proximity of postage limits - the piece of mail would then be over-franked - or when the 
value detected as probably imprecise is grossly incorrect. 

The procedure for detecting "probably imprecise" weight values is the subject 
matter of another patent application. 
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Although the control is simple, a preceding, manual setting or control is not 
required for reducing the conveying speed. Instead of the microprocessor, micro 
controllers or application-specific integrated circuits (ASICs) can be utilized. 

Although modifications and changes may be suggested by those skilled in the 
art. it is the intention of the inventors to embody within the patent warranted hereon all 
changes and modifications as reasonably and properly come within the scope of their 
contribution to the art. 
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